Abstract. Liquefied petroleum gas (LPG) is one of the alternative fuels that becoming popular to be use in spark ignition engine (SI). This paper briefly presents the influence of energy content to the engine output of 1.6L SI engine of Proton Gen 2. The engine was coupled to a chassis dynamometer and few related apparatus were employed in determine the engine behavior. All data collected were illustrated in graph for further analysis. The engine shows comparable engine output, however, the engine requires some tuning in order to fully utilize the energy content of LPG.
Introduction
LPG is a clean fuel and also known as "Autogas". LPG consists of a mixture of propane (C 3 H 8 ) and butane (C 4 H 10 ). Presently, LPG is one of the alternative fuels that received much attention as a replacement of traditional fuels due to their economical costs, high octane numbers, high calorific values, availability in large volume and lower polluting exhaust emissions The usage of LPG especially in SI engine has broadly been used in a few countries such as Italy, Turkey, Russia and Korea [1] .
The usage of LPG as alternative fuel especially in gasoline engine gives many advantages especially in reducing dangerous knocking phenomena while running the engine at the medium high load condition and offers better exhaust emissions production [2] . It's also provides better cold start performance in gasoline engine because its rate of vaporization is very fast during the intake stroke and the amount of homogeneous mixture in the combustion chamber is substantially increased [3] [4] [5] [6] . Therefore, excessive enrichment of the air-fuel ratio at low coolant temperature is discarded.
Currently, the conversion technology of SI engine into the LPG system had been expanded since it was introduced. The technology continues to grow as the emissions regulation became stringent. Based on the LPG delivery and system control, LPG generation and technology in SI engine may be categorized into five generations [7, 8] . The first four generations run on gaseous LPG and the fifth generation operate with liquid LPG. Table 1 shows the summary of the LPG generation in SI engine.
The present work aims to characterize the engine output with respect to the energy content of the gasoline and LPG at various throttle position (TP). The engine performance and exhaust emissions were examined. Mapping of the air-fuel mixing for each TP also was recorded for the tested engine. Table 1 . LPG generations [7, 8] .
Generation Description

First
Mechanically controlled LPG carburetion system, open loop LPG system, suitable for carburetor engine. Also known as the Induction system. Simplest type of LPG kit. Introduces gas into the engine in a vapor form through the inlet manifold.
Second
Electronically controlled, close loop, single point injection LPG system, suitable for early Electronic Fuel Injection (EFI) gasoline engine. Third Multipoint injection LPG system.
Fourth
Multipoint sequential injection also known as the Sequential Gas Injection System (SGIS). Injects LPG as a vapor for each cylinder very close to the inlet valves.
Fifth
Multipoint sequential liquid LPG injection, Unlike the first to fourth generation, LPG is fed into the engine in its liquid form and without vaporizing.
Energy content
Each fuel has different energy content and this energy content will significantly affect the outcomes of combustion especially in internal combustion engine. In view of gasoline and LPG, the energy content per weight was shown in Table 2 and it's presented that energy content of LPG was slightly higher as compared to the gasoline fuel. Logically, the engine performance produced by LPG will be higher than gasoline but the benefit of LPG energy content only may be useful with the proper setting and adjustment. This is due to the LPG is a gaseous fuel meanwhile gasoline is a liquid fuel. In this study, the fifth generation of LPG was used. Table 2 . Energy content of gasoline and LPG [9] [10] [11] .
Gasoline (kJ/kg)
LPG (kJ/kg) 43500 46500
2 Experimental details
Test engine
A 1.6 liter spark ignition engine naturally aspirated of Proton Gen-2 was selected as the test vehicle. The detailed specifications of the engine are as summarized in Table 3 .
Experimental apparatus
In order to obtain the experimental data of the dedicated SI engine and LPG converted SI engine, series of experiments were carried out in analyzing the engine characteristics. The engine was coupled to the Dynapack Chassis Dynamometer that produced the performance data such as torque and brake power. The chassis dynamometer used is capable to run and simulate various types of engine testing including actual road operation. The exhaust emissions of the engine were captured using Autocheck Gas 4/5 emissions analyzer. The sampling time of the emissions analyzer was setup at 5 seconds for every measurement taken. The mass flow rate of fuel was measured using Ono Sokki fuel flow detector (FZ-2100) that employed coriolis principle. The injection duration and TP were monitored real time during experiments by scan tool Bosch KTS570. In fixing the TP at certain percentage for example at 25% TP, a special tool for pedal press was employed. For the LPG operation, dedicated software was used to determine the injection duration. Schematic diagram of the experimental setup is shown in Fig. 1 . 
Experimental methodology
The steady state test was selected to evaluate complete this study. Steady state means the dedicated engine will be tested based on engine speed starts with the idling condition up to 4000rpm with the increment of 500rpm. The TP was varies at four different positions that were 25%, 50%, 75% and 100% for each engine speed tested. 3 Results and discussion Fig. 2 shows the brake thermal efficiency (BTE) of the tested engine for both gasoline and LPG fuels at four different TP. The BTE of gasoline at all TP was found increase as the engine speed increase meanwhile the BTE of LPG was found slightly decrease with the increment of engine speed. As the energy content is the function of BTE, it clearly described the effectiveness of the engine transform the energy content of both tested fuels into mechanical energy. Based on Fig. 2 , LPG has better BTE at below 3000 engine speed and gasoline shows superior BTE after 3000 engine speed onwards. It clearly described that the engine running by gasoline has poor performance at low engine speed and only effective at higher engine speed. This may be attributed to the engine characteristic that has bad engine setting and tuning by manufacturer at its low engine speed. However, LPG shows almost consistent performance throughout the engine speed. Even though the flame speed of LPG is lower than gasoline, it presents reliable BTE and its may be improved by the adjustment of the ignition timing. Since the energy content of LPG was a little bit higher than gasoline, quantity of gasoline injected was slightly higher than LPG. This is due to the energy compensation in order to produce the same engine output. This is clearly illustrated in Fig. 3 whereby the quantity of fuel injected was directly influenced by the injection duration of each fuel. Injection duration of LPG fuel at all TP was recorded lower than gasoline and the pattern of injection duration were found similar for both fuels. In addition, fuel quantity injected was found increase as the engine TP increase. The brake specific fuel consumption (BSFC) also shown in Fig. 3 where the BSFC also exhibits comparable pattern with BTE where the trade-off between these two fuels was at 3000 engine speed. This exhibits that the engine consumed higher gasoline at below 3000 engine speed but produced lower BTE and vice versa for LPG at all TP.
The brake power produced for both fuels were shown in Fig. 4 and the brake power was increased as the engine speed increase. The brake power produced for both fuels was almost identical at all TP. This is due to the LPG was injected in the liquid form rather than gaseous form. The liquid injection will leads to the benefits of its energy content by improved the volumetric efficiency due to the rapid vaporization that resulting in cooler and denser of the air-fuel mixture flowing into the combustion chamber. In other view, liquid injection of LPG would created the Joule-Thompson effects during the air-fuel mixing process that eventually produced less unburned fuel. For the emissions, carbon monoxide (CO) and hydrocarbon (HC) were analyzed and the data of both gases as per shown in Fig. 5 . CO emission at 25%, 50% and 75% showed very lower value and this indicated that the combustion of both tested fuel occurred at lean combustion. However, at 100% TP, CO was recorded higher throughout the entire engine speed and only at the 4000 engine speed of 50% and 75%. This is obviously described that incomplete combustion occurred due to less oxygen during combustion.
In general, HC emission of LPG was higher than gasoline at all TP and this HC emission is in agreement with the CO emission. This depicted that lots of LPG was unburned as compared to gasoline especially at 100% TP. This may be due to the inaccurate spark timing and improper air-fuel mixing. Since the flame speed of LPG was lower than gasoline and energy content of LPG was higher than gasoline, the adjustment and proper setting of spark timing is required in order to fully utilize the LPG properties.
Other than that, the characteristics of air-fuel mixture of the tested engine were analyzed based on the data collected. In general, the air-fuel mixture mapping may be divided into four different conditions based on TP as shown in Table 5 . The air-fuel mixture was mapped to the rich condition at 4000rpm of 50% and 75% TP and also at all engine speed of 100% TP. This is due to the engine preservation whereby the rich mixture will decrease the combustion temperature and cools the engine that reduced the tendency of engine faulty.
Conclusions
Based on the obtained results and some analysis conducted, LPG offers excellent promise as an alternative fuel for the spark ignition engine due to its higher energy content as compared to the gasoline fuel. However, the injection phase and spark timing shall be adjusted to the optimum setting. Table 5 . Air-fuel mixture mapping of tested engine at four different TP.
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